The distribution of cholesterol and vitamin E among the various lipoprotein density fractions in bovine blood was measured. The percentage of total plasma vitamin E and cholesterol in the various lipoprotein fractions was very-low-density lipoprotein, 2% and 2%, respectively; low-density lipoprotein, 17% and 22%, respectively; and high-density lipoprotein, 77% and 72%, respectively. Only 3% of plasma vitamin E was not associated with the lipoproteins. Vitamin E cholesterol ratios were not significantly different among lipoprotein fractions (P = 0.3). These results indicate that vitamin E and cholesterol are distributed in equal proportions among lipoprotein fractions. Moreover, the results suggest that variation in the proportions of lipoproteins in the different density fractions would not affect the overall vitamin E cholesterol ratio of plasma. The results further imply that the total plasma vitamin E cholesterol ratio is a valid relative estimator of the vitamin E concentration per lipoprotein particle, regardless of the density distribution of particles. Total serum vitamin E and cholesterol concentrations and their ratio were then determined in commercial diary cattle in various phases of the lactation cycle. There was a significant lactation-stage effect on the serum concentration of each analyte, as well as on their ratio. However, the magnitude of the effect was much less for the ratio than for either vitamin E or cholesterol alone. These results imply that lactation stage affects serum vitamin E concentrations by influencing both the concentration of lipoprotein particles and the concentration of vitamin E within individual particles.
Vitamin E is not water soluble and therefore needs a carrier system for transport in the aqueous medium of blood. Unlike retinol and several lipid hormones, no specific carrier protein exists for vitamin E transport. Rather, vitamin E is transported in blood as a component of the general plasma lipoprotein system. 2, 3, 5, 8, [21] [22] [23] 31 The total concentration of vitamin E in plasma, therefore, is determined by the concentration of lipoprotein particles as well as by the concentration of vitamin E within each particle. The concentration of lipoproteins in blood plasma is a function of the overall dynamics of lipid metabolism and appears to have little direct relationship to vitamin E metabolism or nutritional status. The concentration of vitamin E within plasma lipoprotein particles, on the other hand, seems to be influenced by vitamin E intake. 3, 8, 21 Therefore, the assessment of vitamin E nuriture by determination of blood plasma or serum total vitamin E concentration is complicated by the possibility that observed variations could occur due to changes in lipoprotein concentration rather than changes in vitamin E status. To improve the assess-ment of vitamin E status by serum or plasma assays, a method is needed to compensate for variability in blood lipoprotein concentrations.
Indexing of plasma vitamin E concentrations based on other lipoprotein components is an approach used in attempt to compensate for the effect of variability in blood lipoprotein concentrations on serum vitamin E values. This is usually done by calculation of a simple ratio between vitamin E and total serum lipid or some prominent lipoprotein component, such as cholesterol. 15, 28 This approach is confounded, however, because the population of lipoproteins in plasma is not homogeneous. Therefore, any attempt to index plasma vitamin E concentrations based on another lipoprotein component assumes that either the distribution of lipoprotein fractions remains constant or that the proportion of vitamin E and the indexing lipid is constant across lipoprotein fractions. In cattle it is well known that the distribution of lipoprotein fractions in plasma varies widely with lactation stage. 25, 26 Therefore, the usefulness of the plasma vitamin E cholesterol ratio will depend on a uniform distribution of vitamin E and cholesterol among the various plasma lipoprotein fractions.
The objective of this study was to determine the vitamin E cholesterol ratio across the major lipoprotein fractions of adult dairy cows. A further objective was to determine the relative effect of lactation stage, with its known influence on plasma lipoprotein concentrations and proportions, on serum vitamin E and the vitamin E cholesterol ratio.
Materials and methods
Experiment I. Blood samples were taken from the coccygeal vessels of 7 lactating Holstein cows into ethylenediamine tetraacidic acid (EDTA)-containing tubes. Plasma was recovered, and lipoproteins were prestained with Sudan Black B. Lipoprotein fractions were separated by density-gradient ultracentrifugation in a vertical tube rotor as previously described. 7 Lipoprotein fractions were dialyzed overnight against normal saline before further analysis. Cholesterol concentrations were determined in the isolated fractions by enzymatic means using a commercial kit. a Vitamin E concentrations were determined in each fraction by high-pressure liquid chromatography (HPLC). For vitamin E determination, 1-ml samples of the lipoprotein fractions were extracted using 1 times the sample volume of ethanol and 2 times the sample volume of hexane. Vitamin E was measured in the extracts as cu-tocopherol by HPLC using a 3.9-x 150-mm silica column b and UV detection at 292 nm. The mobile phase was hexane:chloroform (85:15) with isocratic elution. 36 Vitamin E cholesterol ratios were calculated on an equivalent mass basis. The proportional distribution of vitamin E and cholesterol was examined by analysis of variance with main effects of lipoprotein fraction and analyte (vitamin E or cholesterol). In addition, vitamin E cholesterol ratios were calculated for each lipoprotein fraction, and the means of the ratios were compared by analysis of variance. Computation was done using the general linear models procedure 27 of the SAS program. c
Experiment 2. Bovine blood serum samples submitted to
Michigan State University's Animal Health Diagnostic Laboratory for vitamin E determination were used in this study. Vitamin E and cholesterol concentrations were determined in the whole serum samples by the techniques described above for the lipoprotein fractions. Phone calls were made to the animal owners in order to determine the lactation stage of all animals. The diets of the animals were unknown to us. Animals were retrospectively divided into groups based on lactation stage. The serum vitamin E and cholesterol concentrations, as well as the vitamin E cholesterol ratios, were compared among groups by analysis of variance with lactation stage as the independent variable. Specific contrasts among means were done with Scheffe's test.
Results
Experiment 1. The results of experiment 1 are shown in Figs. 1 and 2. The proportional distribution of vitamin E in the lipoprotein fractions was not different from that of cholesterol (P = 0.43). This was reflected in the vitamin E cholesterol ratios, which were not different between lipoprotein fractions (P = 0.3). The general distribution of lipids among lipoprotein fractions, as estimated by either vitamin E or cholesterol, was typical of that generally reported for cattle. 26 Experiment 2. The results of experiment 2 are shown in Fig. 3 and Table 1 . Vitamin E and cholesterol concentrations varied with lactation stage (P < 0.001). Lactation stage accounted for 47% and 30% of the overall variability in serum vitamin E and cholesterol, respectively. The general pattern was for values of both vitamin E and cholesterol to be low in the peripartum period and to increase rapidly after parturition. The vitamin E cholesterol ratio also varied with lactation stage (P < 0.05), showing a pattern of change similar to that of each individual analyte. However, the proportion of variability in the ratio value that could be attributed to lactation stage was 16%, much less than for the individual analytes. Moreover, only one specific contrast among the vitamin E cholesterol ratios was significant (P < 0.05), that being between the period from 0 to 20 days of lactation and the period from 120 days onward. By comparison, the serum vitamin E concentration from 0 to 20 days of lactation was significantly (P < 0.05) lower than that in each of the other lactation periods (P < 0.05).
Discussion
Our observation that essentially all bovine plasma vitamin E is in the lipoprotein fractions is consistent with many reports involving other species. 2, 3, 5, 8, 21, 23, 31 Thus, it seems firmly established that lipoproteins are the major, if not sole, carriers of vitamin E in blood plasma, and the data of this report indicate that cattle are not different in this respect from other species studied. Although it has been consistently found that plasma vitamin E resides in the lipoproteins, studies concerning the distribution of vitamin E in the individual lipoprotein fractions have been inconsistent. Some authors 16, 18, 21 have reported that low-density lipoprotein (LDL) is the predominant carrier of vitamin E, while others have found the predominance of the vitamin in the high-density lipoprotein (HDL) fraction. 5, 20, 23, 30 We found HDL to be the predominant carrier of vitamin E in bovine plasma (Fig. 1) , with approximately 80% of the vitamin in this fraction. This high proportion of plasma vitamin E in HDL probably reflects the predominance of HDL lipid in cattle plasma. Normally, 70-90% of bovine plasma lipids are in the HDL fraction; 26,35 thus it might be expected that the preponderance of vitamin E would also be in this fraction. In support of this, other authors have observed that vitamin E is not specifically associated with any one lipoprotein group but rather that its distribution resembles that of total lipid. 18, 23 In this experiment, no significant difference in vitamin E cholesterol ratio was observed among the three major lipoprotein fractions, although there was a tendency for the ratio to be lower in LDL than very-lowdensity lipoprotein (VLDL) or HDL (Fig. 2) . In contrast to these findings in bovine lipoproteins, other investigators have reported the vitamin E cholesterol ratio in man and other primates to be generally higher in HDL than LDL. 4, 5, 22 Recent evidence 5 from work in primates suggests that in these species vitamin E might be distributed into HDL by a mechanism different from that by which it is distributed into LDL and VLDL. These results provide an interesting contrast to our observations. However, there are substantial differences in HDL composition between cattle and primates, particularly with respect to cholesterol and protein proportions. 6 Thus, differences in HDL characteristics may account for the contrast between our observations in cattle and those of others made on primates.
Uniformity of the vitamin E cholesterol ratio among lipoprotein fractions, as observed in this experiment (Fig. 2) , is important to the potential diagnostic usefulness of the total plasma, or serum, vitamin E cholesterol ratio. From a diagnostic standpoint, we are interested in the concentration of vitamin E in each lipoprotein particle, as that has been shown to be influenced by vitamin E intake. 3, 8, 16, 20, 21 The vitamin E cholesterol ratio is calculated in an effort to estimate, relatively, the vitamin E concentration per lipoprotein particle. However, when applied to total plasma or serum values, this interpretation of the vitamin E cholesterol ratio assumes that the relationship of vitamin E to cholesterol is similar in each lipoprotein fraction. If this were not the case, then the total serum vitamin E cholesterol ratio could be influenced by the relative proportions of each type of lipoprotein particle, irrespective of the concentration of vitamin E within each lipoprotein particle. We conclude, based on the observed uniformity in vitamin E cholesterol ratios among the lipoprotein fractions (Fig. 2) , that the serum vitamin E cholesterol ratio is a valid, relative estimator of the vitamin E concentration per lipoprotein particle in bovine lipoproteins. Further research, however, should be done to establish that the distribution of vitamin E and cholesterol among lipoprotein fractions is not influenced by diet or physiologic status as these factors were not tested by the current study design.
In experiment 2 lactation stage was chosen as a variable because of its anticipated effect on serum lipoprotein, and thus cholesterol, concentrations. As we predicted, serum cholesterol concentrations were low near calving and increased substantially thereafter (Fig.  3) . This pattern of change in serum cholesterol has been commonly observed 1, 10, 14, 17, 19 and is attributed to the observed changes over the lactation cycle in serum lipoprotein concentrations of dairy cows. 25, 26 From Fig. 3 it can be further observed that serum total vitamin E concentrations, like cholesterol, varied substantially with lactation stage, a pattern that has been commonly observed. 11, 29, 32, 33 Furthermore, the vitamin E concentration change was quite similar in pattern to the cholesterol change, suggesting that much of the lactationstage-associated variation in serum vitamin E concentration is attributable to changes in serum lipoprotein concentrations. This relationship between vitamin E and cholesterol is further borne out by the analysis of variance, which demonstrated that the lactation-stageassociated variability in the vitamin E cholesterol ratio was much less than that for serum total vitamin E. Thus, if individual cows or herds of cows of unknown lactation stage were to be compared for vitamin E status, the sensitivity of comparison could be expected to increase if the vitamin E cholesterol ratio rather than serum vitamin E were measured.
It should be pointed out that lactation stage is not the only factor influencing serum lipoprotein and cholesterol concentrations in dairy cows. Other factors include fat feeding, which markedly increases serum lipoprotein concentrations in cows, 12 and high ambient temperatures, which depress them. 9 Our research implies that all factors that affect serum lipoprotein concentrations will tend to also affect serum vitamin E concentrations. Thus, the overall sensitivity of vitamin E nuriture assessment from serum assays should always be enhanced by use of the vitamin E cholesterol ratio.
Last of all, it is important to point out that serum lipoprotein concentration, while being a major factor, is not the only factor influencing serum vitamin E concentration in cows. If it were, then there would be no nutritional information to be gained by serum vitamin E determinations. There is, however, clear evidence that dietary or parenteral vitamin E supplementation can raise serum vitamin E in dairy cows, independently of serum lipoprotein concentrations. 13, 24, 33, 34 This indicates that the vitamin E concentration of individual lipoprotein particles is not fixed but can vary with the vitamin E status of the animal. Thus, it seems that serum vitamin E can be used as a valid estimator of vitamin E status in cattle but that its accuracy for this purpose is greatly increased by correcting for lipoprotein concentration by use of the vitamin E cholesterol ratio.
